Introduction: Data on the role of androgens as potential mediators of increasing cardiovascular risk in women at midlife are controversial. The aim of the study was to analyze the relationship of free testosterone (FT) and sex hormone binding globulin (SHBG) with blood pressure and subclinical organ damage and metabolic syndrome (MS) in middle aged hypertensive women. Material and methods: One hundred and fifty-two women with newly diagnosed arterial hypertension were included in the study. In all subjects blood pressure measurements were performed as well as echocardiographic examination with left ventricular structure and function assessment (GE Vivid 7.0), carotid ultrasound with measurement of intima-media thickness (IMT), and carotid-femoral pulse wave velocity (PWV) measurement (Sphygmocor). A fasting blood sample was taken to measure glucose and lipid concentrations. Serum testosterone and SHBG were measured. Free testosterone was calculated according to the Vermeulen formula. Metabolic syndrome was defined following the International Diabetes Federation (IDF) recommendations. Results: Free testosterone was significantly higher and SHBG lower in women with MS independently of menopausal status. The odds ratio of MS per quartile increment in FT after adjustment for covariates was 2.06 (95% CI: 1.16-3.65). There was no correlation between FT, SHBG and blood pressure. Free testosterone was associated with decreased left ventricular diastolic function (E/A ratio β = -0.19, p = 0.05) and subclinical atherosclerosis (IMT β = 0.34, p = 0.009), but not arterial stiffness. Conclusions: Free testosterone and SHBG independently of menopause status are related to MS. Free testosterone is associated with worse metabolic profile, subclinical atherosclerosis and impaired diastolic function of the left ventricle.
Introduction
Cardiovascular disease affects men and women differently, with women having later onset of disease, with rapid increase of cardiovascular risk with the onset of menopause. Hypertension is a major cardiovascular risk factor possibly explaining the excessive cardiovascular morbidity and mortality in postmenopausal women. During the transition from the premenopause to postmenopause state, many women also experience weight gain and central fat deposition [1] . It is likely that the enhanced cardiovascular risk in postmenopausal women is associated with metabolic syndrome (MS). Metabolic syndrome carries a fourfold higher risk of cardiovascular events in females than in males [2] . In a hypertensive female this risk may be partially mediated through an increased prevalence of hypertension-induced preclinical cardiovascular damage. Research has recently refocused interest on the cardiovascular role of androgens, shifting attention away from estrogens toward testosterone and sex hormone-binding globulin (SHBG) as potential mediators of increasing cardiovascular risk in women at midlife. In postmenopausal women androgens are unopposed by estrogen levels, but whether it plays a role in cardiometabolic risk modulation remains unclear.
Since androgen replacement therapy is increasingly being used for the treatment of sexual dysfunction and decreased well-being in postmenopausal women, its impact on lipid and metabolic parameters related to cardiovascular health should be studied thoroughly.
The aim of the study was to analyze the relationship of free testosterone (FT) and SHBG with blood pressure, hypertension-related subclinical organ damage and MS in hypertensive perimenopausal women.
Material and methods

Study group
We recruited consecutive female patients aged 40-60, who were referred to the Outpatient Clinic of the 1 st Department of Cardiology and Hypertension by general physicians with newly diagnosed, untreated mild to moderate hypertension to undergo 24-h ambulatory blood pressure monitoring (ABPM). Diagnosis of hypertension by general physicians was based on the office blood pressure measurements taken on two separate visits using semiautomatic, validated, oscillometric devices in accordance with European Society of Cardiology (ESC) and European Society of Hypertension (ESH) guidelines [3] . Hypertension was defines as average blood pressure equal to or exceeding 140 mm Hg systolic or 90 mm Hg diastolic. In all subjects 24-h ABPM (SpaceLabs 90210, SpaceLabs Inc., Redmond, Washington, USA), with blood pressure readings every 15 min during the day and every 20 min during the night, was performed in the Outpatient Clinic to confirm the diagnosis of sustained hypertension. Patients with surgical menopause, women using hormone replacement therapy or oral contraceptives, women with chronic kidney disease (defined as estimated glomerular filtration rate < 60 ml/min/1.73 m 2 ) and patients with diabetes mellitus were excluded from the study. The study group consisted of 152 women. All participants underwent a clinical assessment; a detailed history was taken using a standardized questionnaire and a physical examination with anthropometric measurements was performed. The definition of postmenopausal status was based on two criteria: self-reported menstrual characteristics (last menstruation > 1 year ago) confirmed by blood follicle stimulating hormone level (FSH) > 40 IU/l. The study protocol was approved by the local ethics committee (KBET/51/B/2007).
Methods
All blood samples were taken during the follicular phase of the menstrual cycle in premenopausal women and arbitrarily in postmenopausal women. The levels of FSH and estradiol were measured using MEIA kits, Abbott (sensitivity 1 ng/ml for estradiol and 0.5 mIU/ml for FSH). Serum testosterone and SHBG were measured using the electrochemiluminescence immunoassay and Cobas immunoassay analyzers (Roche Diagnostics), with limits of detection at 0.087 nmol/l for testosterone and 0.800 nmol/l for SHBG. Concentrations of free and bioavailable testosterone were derived from total testosterone, SHBG and albumin concentration, calculated according to the Vermuelen formula [4] . Routine laboratory methods were applied for measurement of basic biochemical parameters. Metabolic syndrome was defined following the modified criteria of the International Diabetes Federation proposed in 2009 [5] . As all subjects included in the study were hypertensive, to diagnose MS at least two of the following criteria had to be fulfilled: waist circumference > 80 cm; elevated triglyceride level (≥ 1.7 mmol/l); decreased HDL cholesterol (< 1.3 mmol/l); and/or elevated fasting glucose concentration (≥ 100 mg%).
Assessment of subclinical organ damage
Echocardiographic measurements were performed by one experienced observer, using a digital ultrasound system: GE Vivid 7 equipped with a 3.5-MHz transducer (General Electric Vingmed Ultrasound, Horten, Norway). As a measure of systolic function, dimensional fractional shortening was computed. For evaluation of diastolic function, mitral inflow velocities were recorded with pulsed-wave Doppler sonography. Carotid artery ultrasound with a high-resolution ultrasound scanner was performed with a high frequency (7 MHz) linear array transducer (GE Vivid 7 General Electric Vingmed Ultrasound, Horten, Norway). The automated intima-media thickness (IMT) package from Vivid 7 was used. The IMT was mea-sured in the far wall of the common carotid artery at a 1 cm distance from the carotid bifurcation in a single frame during the end-diastolic phase. The presence of at least one carotid atherosclerotic plaque (defined as a focal thickening greater than 1.5 mm) or diffuse intima-media thickening (the average common carotid wall thickness exceeding 0.9 mm) was taken as evidence of vascular alterations.
The measurement of carotid-femoral pulse wave velocity (PWV) was performed using the SphygmoCor system (AtCor Medical, Sydney, Australia; Model MM3; software version 6.31). Detailed methodology of the assessment of subclinical organ damage has been published elsewhere [6] .
Statistical analysis
Statistica 10.0 software was used for data management and statistical analysis (StatSoft, Statistica 10.0, Tulsa, Oklahoma, USA). The Shapiro-Wilk test was used to check the normality of distribution of analyzed variables. As the distributions of SHBG and FT concentrations were skewed, these values were log-transformed in order to improve normality for statistical testing. Continuous variables were compared by analysis of variance (ANOVA), using Student's t -test for dual comparisons. Analysis of categorical data was carried out by the χ 2 test. Linear regression and multiple linear regression models were used to test the independent role of sex hormones and cardiometabolic risk factors and parameters of subclinical organ damage. Logistic regression models were performed in order to determine the odds ratio of the MS by quartiles of endogenous sex hormone levels. Models were adjusted for age. Since body mass index (BMI) is strongly associated with sex hormones as well as many MS components, analyses were repeated with additional adjustment for BMI as a continuous variable to control for confounding. The last model also included as a covariate menopausal status or estrogen concentration.
Results
Study group characteristics
Mean age of the study group was 51.0 ±3.5 years. The prevalence of MS was 41% (63 patients). Characteristics of the study group in reference to the presence of MS are presented in Table I .
Relationship between FT, SHBG and MS
Women with MS, in both the premenopausal and postmenopausal group, had significantly higher FT concentration and lower SHBG concentration (Table II) . Sex hormone binding globulin was significantly lower in postmenopausal compared to premenopausal women. There were no significant differences in FT concentration between pre-and postmenopausal females (Table II) .
Analyzing the relationship between FT, SHBG and MS components, we found that the strongest association with FT was present for HDL cholesterol (Pearson's correlation coefficient: r = -0.54, p < 0.001), waist circumference (r = 0.24, p = 0.03) and triglyceride concentration (r = 0.27, p = 0.02). Body mass index showed a positive association with FT, which was of borderline statistical significance (r = 0.22, p = 0.05). We did not observe a correlation between FT and fasting glucose concentration (r = 0.02, p = 0.81) or blood pressure (r = 0.20, p = 0.08). Similarly, SHBG did not correlate with blood pressure values (r = -0.09, p = 0.45), but correlated significantly with HDL cholesterol (r = 0.49, p < 0.001), BMI (r = -0.37, p < 0.001), waist circumference (r = -0.32, p = 0.006) and triglyceride concentration (r = -0.23, p = 0.04).
The differences in MS components across quartiles of FT and SHBG are summarized in Tables III  and IV . The increase in number of MS components was accompanied by higher concentration of FT ( Figure 1 ). An opposite relationship was detected for SHBG concentration (Figure 2) .
The odds ratio of MS per quartile increment in FT was 2.44 (95% CI: 1.43-4.14), and after adjustment for age, menopausal status and BMI it was still significant 2.06 (95% CI: 1.16-3.65). The odds ratio of MS per quartile decrement in SHBG was 2.18 (95% CI: 1.29-3.68), but after adjustment for age and BMI it lost its significance (adjusted odds ratio 1.68, 95% CI: 0.97-3.05).
Relationship between FT, SHBG and target organ damage
Multivariate linear regression analysis revealed that FT independently of age, BMI, systolic blood pressure and menopausal status was inversely related to the parameter of left ventricular diastolic function (mitral inflow velocities E/A ratio) and subclinical atherosclerosis assessed by carotid IMT thickness (Table V) . Including parameters of lipid profile in the multivariate analysis did not change the results. Left ventricular mass (LVM) and parameters of arterial stiffness were not related to testosterone concentration in the examined group (LVM indexed to height r = 0.05, p = 0.63; PWV r = 0.04, p = 0.75).
We observed a significant negative correlation between SHBG and LVM (correlation coefficient for LVM indexed to height: r = -0.30, p = 0.007), and diastolic function (E/A: r = 0.33, p = 0.002) but not with vascular phenotypes (IMT: r = -0.13, p = 0.24, PWV: r = -0.15, p = 0.21). In multivariate linear regression analysis the relationship between SHBG and LVM was mainly BMI dependent.
Diastolic function was age and BMI related, and in the model including these variables SHBG was excluded from factors significantly influencing E/A.
Discussion
The main finding of our study is a significant association of FT with MS, subclinical atherosclerosis and left ventricular diastolic function in middle aged women, independent of menopausal status. While hyperandrogenism is associated with the MS and increased risk of cardiovascular disease in premenopausal women with polycystic ovary syndrome [7] , the relation between endogenous androgens and cardiovascular disease in postmenopausal women is complex. Serial measurements of testosterone in postmenopausal women showed that testosterone levels decrease after the menopause transition along with estradiol levels, but increased slowly with age in 9-year observation, such that by 70 years of age, the androgen levels were similar to levels found in premenopausal women [8] . The difference between pre-and postmenopausal women was that the androgen levels were unopposed by estrogen levels in postmenopausal women. Independently of menopausal status, in our study population increased FT was related to higher risk of MS. Among MS components the critical variables for this finding were the waist circumference, HDL concentration and triglyceride concentration. On the basis of our results we suggest that FT and 
BMI -body mass index, SBP -systolic blood pressure, DBP -diastolic blood pressure, ABPM -ambulatory blood pressure monitoring, FSH -follicle-stimulating hormone, SHBG -sex hormone binding globulin. P-value for Student's t-test for independent variables.
SHBG are strongly related to abdominal obesity. Data on the relationship between obesity and testosterone concentration in women are conflicting, with either an increase [9] [10] [11] [12] or no change [13] [14] [15] [16] in BMI or waist circumference with increasing testosterone levels. The cross-sectional nature of most studies, including ours, rules out conclusions on cause-and-effect relationships. There are data suggesting that testosterone levels can be modulated in response to metabolic signals, rather than the opposite. Adipose tissue, with its 17b-hydroxysteroid dehydrogenase activity, has been suggested to be an important site of peripheral testosterone production [17, 18] . Moreover, studies analyzing the changes in testosterone after weight and body fat loss in overweight postmenopausal women showed that weight loss was followed by a significant decrease in testosterone concentration [19, 20] . Conversely, studies examining the influence of testosterone treatment on changes in body composition showed an increase of body weight [21, 22] . These observations are further supported by the data on the influence of testosterone administration on fat metabolism. In postmenopausal women oral administration of testosterone was associated with a decrease in hormone-sensitive lipase expression in subcutaneous fat tissue, which may explain the shift of fat accumulation towards the visceral abdominal area in this group of patients [23] . Contrary to our prediction, we did not observe a relationship between testosterone and blood pressure. The studies on associations between androgens and blood pressure in menopausal women brought inconsistent results. Similarly as in our group, Patel et al. [24] in a large group of postmenopausal women found a significant relationship between increased testosterone and MS, but blood pressure values across quartiles of testosterone concentration were comparable. In contrast, in the population-based sample of women, a positive association between total testosterone and blood pressure in cross-sectional and longitudinal analyses was shown [25] . It should be noted that in both in-vitro [26] and in-vivo [27] studies testosterone presents vasodilatory properties. This positive effect on vascular wall diameters can be attenuated by proatherogenic effects of testosterone, as observed in other studies. In vitro data suggest that testosterone may increase monocyte adhesion to the vascular endothelium [28] . Studies investigating the relation between testosterone and parameters of atherosclerosis in females have yielded contradictory results. Some studies found that higher levels of androgens and SHBG were associated with a reduced level of atherosclerosis [29] [30] [31] ; however, others found a positive association between testosterone and indices of atherosclerosis [32, 33] .
Our study gives further support to observations on the positive association between FT concentration and subclinical atherosclerosis.
There are only two studies examining the relationship of endogenous androgens with arterial stiffness in postmenopausal women. Creatsa et al. found that increased testosterone was associated with increase in arterial stiffness in women [34] . Another study in postmenopausal women on hemodialysis indicated a relationship between extremely low testosterone and increased vascular stiffness [35] . We did not find a relationship between arterial stiffness determined by carotid femoral pulse wave velocity and FT or SHBG. It cannot be excluded that the relationship between androgen concentration and arterial stiffness is U-shaped, but the limited data from observational studies in women do not allow us to draw conclusions. Increased left-ventricular mass is an important cardiovascular risk factor for morbidity and mortality. Available data revealed that the changes in left-ventricular mass in response to age and hypertrophic stimuli are different in men and women [36] . These differences are especially pronounced in people over 50 years old, in whom reproductive hormone concentrations have fallen. Only one study examined the relationship of sex hormones with heart structure in both sexes [37] . The authors, using MRI, assessed the cardiac mass and right ventricular performance in a large cohort free from cardiovascular disease. Higher levels of testosterone and dehydroepiandrostenedione were associated with greater right ventricular mass in men. In women there was no correlation of testosterone with cardiac mass. Sex hormone binding globulin showed a correlation with right ventricular mass in both sexes, but this association was attenuated and not statistically significant when fully adjusted for covariates. Similar data were obtained in our analyses. Testosterone did not show a relationship with left ventricular mass, while the relation of SHBG with left ventricular mass was BMI dependent.
In vitro studies show that estrogens have antiproliferative effects on cardiac fibroblasts [38] and vascular smooth-muscle cells [39] , while testosterone increases proliferation of myocytes and fibroblasts [40] .
The shift in estrogen to androgen ratio during the menopausal transition in hypertensive subjects characterized by the increased ventricular loading condition may predispose not only to changes in ventricular mass but also to ventricular compliance influencing diastolic function [41] . Analyzing the relationship between mitral inflow parameters, we found that FT was inversely related to diastolic function. To our knowledge, this is the first report on the relation of androgens in perimenopausal women with left ventricular diastolic function.
The present study has several limitations. The cross-sectional character of the study means that it can explain only associations, not causality. Second, as the study population consisted of mild and moderate hypertensive females, it is not enough to extrapolate our results to other groups. Third, we used automated electrochemiluminescence immunoassay for the quantification for total testosterone and SHBG, not liquid chromatography tandem mass spectrometry. Additionally, calculation of FT using the Vermeulen method may not correlate precisely with directly measured circulating FT. However, immunoassay of total testosterone and calculation of FT are widely accepted methods used in large studies, since measurement of total testosterone by mass spectrometry and FT by equilibrium dialysis is impractical.
In conclusion, in middle-aged hypertensive women independently of menopausal status free testosterone concentration is associated with increased risk of metabolic syndrome.
Free testosterone concentration is positively associated with parameters of subclinical atherosclerosis in the carotid artery and negatively with diastolic function of the left ventricle.
Whether FT is a marker or mediator of cardiovascular disease in this population merits further investigation.
